The r e l a t i o n s h i p of f i s h p o p u la tio n s to m ajor h a b i t a t zones and c h a n n e l a l t e r a t i o n s was s tu d ie d in L i t t l e P r ic k le y Pear C reek, Montana du rin g th e summers of 1965 and 1966 . F iv e m ajor zones were d e fin e d as fo llo w s: h e a d w a te r, meadow, m o untain, lower meadow, and Wolf C reek Canyon, w ith a t l e a s t one r e p r e s e n t a t i v e stu d y s e c t i o n in each. A pproxim ately 23 p e rc e n t (6 of 30 m ile s ) of th e stre a m has been a l t e r e d .
F ie ld m easurem ents showed no p o o l -r i f f l e p e r i o d i c i t y in th e a l t e r e d m ountain s e c t i o n s , w h ile s u c c e s s iv e r i f f l e s w ere spaced a t i n t e r v a l s of 5.7 w idths in th e u n a lte re d a r e a s . By a r e a , th e a l t e r e d s e c tio n s of th e m ountain zone c o n s is te d of 87 p e rc e n t s h a llo w -f a s t w a te r w ith no d e e p -slo w , compared to 49 and 14 p e rc e n t, r e s p e c t i v e l y , f o r th e u n a lte r e d s e c t i o n s . The amount of cover p e r a c re of stre a m was about 80 p e rc e n t g r e a t e r i n th e u n a lte r e d m ountain s e c tio n s th a n in th e a l t e r e d . Rock d e f l e c t o r s in th e a l t e r e d s e c tio n of Wolf Creek Canyon re n d e re d th e p h y s ic a l c h a r a c te r s of th e stre a m n e a rly com parable to th e u n a lte r e d s e c t i o n s .
F is h p o p u la tio n s were e s tim a te d by means of a sim ple m a rk -a n d -re c a p tu re c e n s u s . N o n -tro u t s p e c ie s were a b s e n t from th e a l t e r e d s e c t i o n s , b u t made up 30 and 58 p e rc e n t of th e t o t a l number and w e ig h t, r e s p e c t i v e l y , in th e u n a lte r e d m ountain s e c t i o n s . T ro u t were 78 p e rc e n t more abundant in th e u n a lte r e d m ountain s e c tio n s th a n in the a l t e r e d , and a s t a t i s t i c a l t e s t showed a s i g n i f i c a n t d i f f e r e n c e between th e two t r o u t p o p u la tio n s .
S ta n d in g crops of t r o u t ranged from 40 to 226 pounds per a c r e , and th e t o t a l stre a m su p p o rte d an e s tim a te d 20,400 t r o u t g r e a t e r th a n 4 .0 in c h e s long w eighing 9,500 pounds. Channel a l t e r a t i o n s r e s u l t e d in n t o t a l lo s s of 4,700 t r o u t w ith a t o t a l w eight of 2,200 pounds. S h e lfo rd (1 9 1 1 ), R ick er (1 9 3 4 ), and H allam (1959) dem o n strated l in e a r d i f f e r e n c e s in th e d i s t r i b u t i o n of f i s h in stream s w ith g raded s e r i e s . o f c o n d itio n s from so u rc e to mouth on th e b a s is of h a b i t a t p re fe re n c e s ' and a s s o c ia te d fau n a . G underson (1966) found m ajor d if f e r e n c e s in th e stream m orphology and f i s h p o p u la tio n s betw een two a d ja c e n t segm ents, one of which had been d is tu r b e d th ro u g h o v e rg ra z in g of th e f lo o d p la in v e g e ta tio n . F o l lowing h a b i t a t a l t e r a t i o n of a sm all stre a m f o r highway c o n s tr u c tio n , W hitney and B a ile y (1959) showed a 94 p e rc e n t re d u c tio n in number and<weight of t r o u t g r e a t e r th a n 6 .0 inches, in le n g th . Johnson (1964) found t h a t c h a n n e l a l t e r a t i o n s .pf th e S h ie ld s R iver r e s u l t e d in r e d u c tio n s of 90 p e rc e n t' i n th e number and w eight of game f i s h . DESCRIPTION OF AREA L i t t l e P r ic k le y P ear Creek r i s e s on th e e a s t s lo p e of th e C o n tin e n ta l D iv id e in Lewis and C la rk County,. M ontana, a p p ro x im ate ly 30 m ile s n o rth w est of H elena. I t flow s n o r t h e a s t e r l y f o r about 35 m ile s to i t s c o n flu e n ce w ith th e M is s o u ri R iv er a b o u t . 6 m ile s up stream from C r a ig .. The upper, n in e m ile s (headw ater z o n e ) , w ith ,a n av e ra g e summer d is c h a rg e of th r e e to f iv e Summer flow a t s e c tio n 7 a v e ra g e s 35 c f s , in c r e a s in g to 43 c fs a t th e S ie b en Gage S t a t i o n (F ig u re I ) . W illow , dogwood and a ld e r rem ain th e dom inant s tr e a m -s id e v e g e ta ti o n , w ith n a rro w le a f cottonwood (Populus F ig u re 3: M ountain zone ex em p lify in g lo c a l dominance of cottonw oods.
H a b ita t a l t e r a t i o n s c r e a t e a d d i t i o n a l v a r i a t i o n s w ith in th e l o t i c environm ent.
-5 -a n g u s t i f o l i a ) l o c a l l y im p o rta n t in c e r t a i n a re a s (F ig u re 3 ) . In 1887, th e
Montana C e n tra l Railw ay Company l a i d 96 m ile s of tr a c k from H elena to G re a t F a l l s , s tr a ig h t e n in g much of th e ch an n el in t h i s zone. D iffe re n c e s in th e v e g e ta ti v e com positon on th e s e a l t e r e d s i t e s were n o te d , w ith gooseb erry (R ibes s p p .)., r a s p b e r r y (Rubes s p p ,) , m in ers c a n d le (C ry p th an th e b r a db u r ia n a ) ; and R u ssian t h i s t l e (S a ls o la k a l i ) being dom inant (F ig u re 4 ) .
Below th e m ountain a r e a , th e stre a m pro ceed s th ro u g h a sm all meadow ( s e c tio n s 8 and 9) b e fo re flo w in g th ro u g h th e Wolf C reek Canyon zone to th e M is s o u ri. W ith in th e canyon th e f lo o d p la in i s 80 y a rd s wide and th e g r a d ie n t i s 33 f e e t p er m ile .
Summer d isc h a rg e' a t th e town of Wolf Creek a v e ra g e s 63 c f s . C o n s tru c tio n of I n t e r s t a t e Highway 15 g r e a t l y a l t e r e d th e stre a m ch an n el and l e f t only s p a rs e p a tc h e s of w illo w , cottonw ood, and a l d e r . F ollow ing c o n s tr u c ti o n , ro ck d e f l e c t o r s were i n s t a l l e d to improve h a b i t a t q u a li ty (F ig u re 5 ). Summer w a te r te m p e ra tu re s were m easured a t th e S ieben Gage s t a t i o n .
Peak d is c h a r g e a t th e S ieben Gage S t a t i o n occurs in May and
In 1965, th e ra n g e s f o r J u l y , A ugust, and September w ere: 5 2 .5 -6 3 .6 F, 5 2 .9 -6 2 .2 F, and 4 1 .0 -4 6 .2 F , r e s p e c t i v e l y . The h ig h e s t re c o rd e d tem p e r a tu r e was 64.7 F in June 1963 (Swedberg, 1965 ).
-6 -F ig u re 4 F ig u re 5 A lte r e d segment of Wolf C reek Canyon zone, i l l u s t r a t i n g the denuded ch an n el and ro ck d e f l e c t o r s .
The m a jo r ity of s o i l s along th e f lo o d p la in is loamy in te x t u r e and weakly c a lc a r e o u s . S o ils of th e d ra in a g e a r e p r im a r ily d e riv e d from w eath ered a r g i l l i t e ro ck w ith s m a lle r c o n tr ib u tio n s from w eathered q u a r t z i t e , lim e s to n e , and igneous ro ck s (co rresp o n d e n c e w ith Sd.il C o n se rv atio n S e rv ic e ) ,
Chem ical a n a ly s e s were made a t v a rio u s s i t e s along th e stre a m (T able I ) , In g e n e r a l, v a lu e s in c r e a s e d w ith p r o g re s s io n downstream .
T a b le I : Chem ical a n a ly s e s (ra n g e s) f o r L i t t l e P r ic k le y P ear Creek d u rin g th e summers, 1965r66. was c o n sid e red -m e a n d e rin g i f th e s in u o s i ty was 1.5 or g r e a t e r . P h y s ic a l c o n d itio n s and f i s h p o p u la tio n s were m easured i n I l study s e c tio n s w hich were s e le c te d w ith th e a id of a e r i a l p h o to s. At l e a s t one r e p r e s e n t a t i v e s e c t i o n was e s ta b lis h e d in each zone (F ig u re I ) . Each of 10.. s e c tio n s .wasi 1 ,0 0 0 to 1*200 f e e t in le n g th , and one ( s e c t io n 9) was 700 f e e t long. No m easurem ents wer,e made below th e c o n flu e n c e of Wolf C reek. . ■ T r a n s e c ts were p la c e d a t 10 fo o t i n t e r v a l s along th e ch an n el p e rp e n d ic u la r to th e main c u r r e n t. Depths were ta k e n to th e n e a r r e s t 0 .1 f o o t a t I fo o t i n t e r v a l s on each t r a n s e c t and v e l o c i t i e s , e stim a te d -9 -'T ab le 2; W a te r-ty p e c r i t e r i a used in m apping.
W ater -ty p e Depth ( f t ) ' S u rfa c e V e lo c ity (ft/sed ) S h allo w -slo w -1 .5 -1 .0 D eep-slow +1.5 -1 .0 S h a llo w -f a s t -1 .5 + 1.0 D e e p -fa s t +1.5 +1.0 by tim in g f l o a t s over known d i s t a n c e s . Cover p rovided by overhanging b ru s h , u n d e rc u t b an k s, stum ps, r o c k s , and log jams was re c o rd e d . The a re a of each w a te r-ty p e and cover was d eterm ined w ith a p la tiim e te r. -Most n a t u r a l c h an n els have a bed c o n s is t in g of a l t e r n a t i n g deeps and sh allo w s (Leopold and L angbein, 1966) , commonly r e f e r e d to as pools and
The e x te n t and fre q u e n c y of th e s e were determ ined by m easuring th e th a lw e g , dr l i n e c o n n e ctin g th e d e e p e s t p o in ts of the. c h a n n e l. A pool was a r b i t r a r i l y d e fin e d as a v e r t i c a l drop in th e stre a m bed g r e a t e r th a n th e av erag e thalw eg d e p th .
The f i s h p o p u la tio n of each s e c tio n was sampled w ith a 300-v o lt , 8 5 0 -w att d i r e c t c u r r e n t sh o c k er. C aptured f i s h were a n e s th e tiz e d w ith MS-222 (T ric a n e M e th a n e s u lfo n a t e ) , m easured to th e n e a r e s t 0 .1 in ch in t o t a l le n g th , weighed to th e n e a r e s t 0 .0 2 pound, and r e le a s e d n e a r th e c a p tu r e s i t e . F is h were marked in 1965 by c lip p in g th e r i g h t p e lv ic f i n and in 1966 by an o p e rc u la r punch. A p e rio d of a t l e a s t 4 h o u rs was allow ed to e la p s e b e fo re th e s e c tio n was resam p led .
On th e second p a s s , le n g th s and m arkings were re c o rd e d on a l l f i s h h a n d le d , b u t w eig h ts were ta k e n only on th o s e f i s h not c a p tu re d on th e f i r s t p a s s.
E s tim a te s of th e f i s h p o p u la tio n (e x c lu d in g f i s h l e s s th a n 4 .0 in c h es t o t a l le n g th ) were based on th e m a rk -a n d -re c a p tu re te c h n iq u e of / -1 0 -Eet e r s e n , u s in g form ula 3 .5 of R ick er (1 9 5 8 ).
Due to d i f f e r e n t i a l c a tc ha b i l i t y r e l a t e d to s i z e (Cooper and L a g l e r , 1956), t r o u t were grouped by 4 -in c h s iz e g ro u p s . W h ite fis h and su c k e rs were se p a ra te d i n to two s iz e ' g ro u p s, i . e . under or over 12.0 i n c h e s , C onfidence i n t e r v a l s a t th e 95% l e v e l were, c a lc u la t e d f o r e a c h .e s tim a te by form ula 6 of th e M ichigan I n s t i t u t e f p r F i s h e r i e s R esearch (1960).
A s t r a t i f i e d subsam ple of 500 brown t r o u t and 400 rainbow t r o u t s c a le s was s e le c te d from th e meadow and m ountain zones f o r a n a ly s is of age and grow th. A nnuli were i d e n t i f i e d w ith th e a id of a s c a le p r o je c tio n . m achine. T o ta l length's a t a l l a n n u li w ere determ ined w ith a nomograph, assum ing a l i n e a r r e l a t i o n s h i p betw een s c a le and body grow th.
RESULTS

S tream Morphology
P h y s ic a l p a ra m ete rs o b ta in e d from th e a e r i a l photos of L i t t l e P r ic kle y Pear Creek a re shown in T a b le 3. The e x te n t of stream bank p r o te c te d .
by v e g e ta ti v e cover was g r e a t e s t in th e meadow (87 p e rc e n t) and low est in th e h e a v ily a l t e r e d Wolf C reek Canyon : 'z one (6 p e r c e n t) . 3 m ile (4 p e rc e n t) of n a t u r a l ch an n el and a 40 p e rc e n t re d u c tio n in m eanders. A pproxim ately 50 p e rc e n t of th e a l t e r e d stre a m bank was w i t h out v e g e ta ti v e c o v e r, w h ile only 20 p e rc e n t of th e n a tu r a l stre a m bank was b a re . As a r e s u l t of I n t e r s t a t e c o n s tr u c tio n in Wolf C reek Canyon, 87 p e rc e n t of th e ch annel from Lyons C reek to Wolf Creek was a l t e r e d . The ch an n el le n g th was reduced by 1.1 m ile s (16 p e rc e n t) and th e bank v e g e ta t i o n by 89 p e r c e n t. S in u o s ity d e c re a sed from 1.28 to 1.10 w ith a 73 p e rc e n t lo s s of m eanders.
Average stre a m w id th and d ep th in c r e a s e d w ith p r o g re s s io n downstream, ex cep t n e a r th e lower meadow zone (T able 4 ) . A lte re d s e c tio n s of th e m ountain zone were w ider and sh a llo w e r th a n th e u n a lte r e d segments of th e same zone., The a v e ra g e thalw eg d ep th s were about 35 p e rc e n t l e s s fo r th e T ab le 3: C hannel m easurem ents o b ta in e d from a e r i a l p h o to s . I / A lte r e d s e c t i o n s . 2/ Average d is ta n c e betw een s u c c e s s iv e r i f f l e s d iv id e d by a v erag e w id th , expressed in w id th s.
-14 -a l t e r e d s e c tio n s of th e m ountain and lower meadow zones th a n f o r th e u n a l t e r e d p o r tio n s of th e same zones. G ra d ie n ts were g r e a t e r f o r th e a l t e r e d th a n th e u n a lte r e d s e c t i o n s .
I n c re a s e d stre a m flow and a l t e r a t i o n i n Wolf C reek ,Canyon r e s u l te d in a g r e a t e r c h an n el w id th . The ro ck d e f l e c t o r s in th e a l t e r e d segments of t h i s zone were i n s t a l l e d a t i n t e r v a l s of 180-200 f e e t along th e ch an n el.
P a ire d s t r u c t u r e s were e s ta b l is h e d o p p o s ite , b u t somewhat o f f s e t from each
o th e r , to c o n s t r i c t th e c u r r e n t and produce a m eander. L arge pools (4 .2 f e e t deep) were scoured im m ediately below th e d e f l e c t o r s , w ith an a re a of d e p o s itio n beyond. As a r e s u l t , th e a v e ra g e d ep th and a v e ra g e thalw eg d ep th were g r e a t e r in t h i s a l t e r e d s e c t i o n th a n in th e a l t e r e d s e c tio n s of th e m ountain and lower meadow zones.
I n n a tu r a l stre a m c o n d itio n s , th e thalw eg ten d s to wander back and f o r t h a c ro s s th e c h a n n e l, even in s t r a i g h t r e a c h e s . The r e l a t i v e degree of w andering i s i n d ic a te d by th e r a t i o of thalw eg le n g th to mean down v a ll e y d i s t a n c e . T h is r a t i o f o r a l t e r e d s e c tio n s averaged 1.09 (range 1.08 to 1 .1 2 ) , compared to 1.46 (1 .1 8 to 1.66) f o r th e u n a lte r e d s e c tio n s . U n a lte re d s e c tio n s of th e m ountain and lower meadow zones w ere combined
Channel alig n m en t and bank s t a b i l i z a t i o n w ith r ip r a p p re v e n te d th e thalw eg from fo llo w in g a sin u o u s c o u rse in th e a l t e r e d s e c t i o n s . T h is i s f u r t h e
becay.se of t h e i r s i m i l a r i t y .
A lte r e d s e c tio n s of th e 'm o u n ta in zone c o n s is te d of .86 p e rc e n t s h a llo w -f a s t w a te r w ith no deep -slo w as compared to 49 and 14 p e r c e n t ,_ r e s p e c t i v e l y , f o r th e u n a lte r e d s e c t i o n s . The a l t e r e d s e c t i o n of th e lower meadow a p p e ars to be somewhat t r a n s i t i o n a l , w ith a g r e a t e r d e g re e of sh a llo w -slo w and a s l i g h t in c r e a s e in deep-slow and d e e p -f a s t w a te r . U n a lte re d s e c tio n s had a. g r e a t e r d e g re e of i n t e rs p e rs io n of ty p e s as in d ic a te d by th e p o o l -r i f f l e p e r i o d i c i t y . I S couring a c ti o n below each d e f l e c t o r in th e Wolf C reek Canyon s e c t i o n r e s u l t e d in a g r e a t e r amount of deep w a te r th a n in th e a l t e r e d s e c tio n s of th e m ountain and lower meadow zones (17%, 1%,, and 4%, r e s p e c t i v e l y ) .. M easured p h y s ic a l c o n d itio n s i n d ic a te d t h a t th e s t r u c t u r e s r e n d ere d th e stre a m more l i k e th e u n a lte r e d s e c t i o n s .
Cover was th e only f a c t or w hich rem ained unimproved (T able 4 ) .
The amount of cover p e r a c re of stre a m was g r e a t e s t in th e meadow zone F i g u r e 7 P e r c e n t o f w a t e r -t y p e s i n e a c h zone I ■ -18-s e c t i o n s of th e m ountain and lower meadow zones. U n a lte re d s e c tio n s had 81 p e rc e n t more cover -th a n th e a l t e r e d m ountain s e c tio n s and 44 p e rc e n t more th a n th e a l t e r e d lower meadow s e c tio n . The lower meadow a l t e r a t i o n ap p ears to be t r a n s i t i o n a l in cover a l s o , w ith 67 p e rc e n t more cover th a n the a l t e r e d s e c tio n s of th e m ountain zone. The Wolf Creek Canyon s e c tio n was ex trem ely poor in c o v e r, p o s s e s s in g 67 to 9 5 'p ercen t' le s s th a n o th e r a l t e r e d a r e a s .
F is h P o p u la tio n s P o p u la tio n .E s t im a t e s . F is h p o p u la tio n s were censused in 1965 and 1966 but a n a ly s e s were lim ite d to 1966 d a ta (T ab le 5 ) , s in c e a l l p h y s ic a l m easurem ents were made in 1966. A lso, th e r a t i o of t o t a l marked f i s h to t o t a l marked r e c a p tu r e s ( r a t e of e f f i c i e n c y ) was 12 p e rc e n t b e t t e r in 1966 th a n in 1965. Lower a v e ra g e stre a m flow s in 1966 p ro b ab ly accounted fo r th e in c re a s e d e f f i c i e n c y . P o p u la tio n e s tim a te s fo r each s e c t i o n fo r 1965
were s im i la r to th o se of 1966 but w ith l e s s d e g re e of c o n fid e n c e .
The p o p u la tio n of Canyon Creek was p red o m in an tly rainbow t r o u t , which com prised 75 and 66 p e rc e n t o f .t h e t o t a l number-and w e ig h t, r e s p e c t i v e l y . Over 65 p e rc e p t of a l l t r o u t were l e s s th a n .-8.0 in c h e s lo n g .
Brook t r o u t were predom inant i n s e c t i o n I (headw ater z o n e ) , making up 49 and 57 p e rc e n t of th e t o t a l p o p u la tio n by number and w e ig h t, r e s p e c t i v e l y . Rainbow t r o u t made up 46 p e rc e n t by number b u t only 27 p e r c e n t by w eig h t.
The meadow p o p u la tio n te n d s toward brown t r o u t predom inance. The t h r e e t r o u t s p e c ie s were about n u m e ric a lly eq u al in s e c tio n 2 (brown-T a b le 5:' E stim ate d f i s h p o p u la tio n s f o r 11 s e c t i o n s , 1966, ex p ressed as number p er a c re w ith pounds p er a c re in parentheses-.
(C onfidence i n t e r v a l s a t 95% le v e l) . (1 6 9 ) (2 0 1 ) (6 5 0 ) (4 2 ) (66 4 ) (5 8 ) (4 3 3 ) (116) (162) (51) I / A lte re d s e c tio n s t r o u t 34%, rainbow t r o u t 34%, and brook t r o u t 32%), but brown t r o u t com p r is e d 58 p e rc e n t of tb e w eight and rainbow t r o u t 35 p e r c e n t. Only one n o n -tr o u t specim en, a longnose su c k e r, was c o ll e c t e d . In s e c t i o n 3, t r o u t made up 73 p e rc e n t of th e t o t a l number w ith brown t r o u t predom i n ant (60 p e rc e n t of th e t r o u t and 40 p e rc e n t of th e t o t a l p o p u l a t io n ) .
The n o n -tr o u t s p e c ie s dom inated by w eight w ith longnose su c k e rs c o n t r i b u tin g 53 p e rc e n t o f , t h e t o t a l . Brook t r o u t , w h ite f is h , and w h ite su c k e rs made up a p p ro x im a te ly 16 p e rc e n t of th e t o t a l number and w e ig h t.
A d i f f e r e n c e in f i s h p o p u la tio n s o c c u rre d betw een th e u n a lte r e d and a l t e r e d s e c tio n s of th e m ountain zone. N o n -tro u t s p e c ie s were alm ost co m p le te ly a b se n t from th e a l t e r e d s e c t i o n s , but made up 30 and 58 p e r c e n t of th e t o t a l number and w e ig h t, r e s p e c t i v e l y , in th e u n a lte r e d s e c t i o n s . The number and w eight of brown t r o u t and rainbow t r o u t wore about 78 p e rc e n t g r e a t e r in th e u n a lte r e d s e c t i o n s . D if fe r e n c e s in th e number of t r o u t o c c u rrin g betw een th e u n a lte r e d and a l t e r e d s e c tio n s were not r e s t r i c t e d to any one s iz e -g ro u p (T able 6 ). C onfidence lim its showed a s i g n i f i c a n t d i f f e r e n c e a t th e 95%.le v e l fo r t r o u t or t o t a l p o p u la tio n numbers betw een th e u n a lte r e d and a l t e r e d s e c t i o n s » P o p u la tio n d if f e r e n c e s betw een th e u n a lte r e d and a l t e r e d s e c tio n s of th e lower meadow zone were not as pronounced. Brown t r o u t predom inated in b p th s e c t i o n s , b eing 14 and 6 p e rc e n t g r e a t e r by number and w e ig h t, r e s p e c t i v e l y , in th e u n a lte r e d s e c tio n . A g r e a t e r d i f f e r e n c e was obvious in th e number and w eight of rainbow t r o u t , b eing 55 and 68 p e rc e n t g r e a t e r , r e s p e c t i v e l y , in th e u n a lte r e d s e c tio n .
.The lower meadow a l t e r a t i o n was-c o n s id e re d t r a n s i t i o n a l , s in c e brown / t r o u t and rainbow t r o u t were 79 and 53 p e rc e n t more numerous, r e s p e c t i v e l y , th a n in th e m ountain a l t e r e d s e c t i o n s . C onfidence i n t e r v a l s f o r combined brown t r o u t and rainbow t r o u t p o p u la tio n e s tim a te s show an o v e r-la p betw een th e meadow, u n a lte r e d m ountain, and u n a lte r e d lower meadow s e c tio n s .
No o v e r-la p was e v id e n t betw een th e e s tim a te d p o p u la tio n s of th e u n a lte re d and a l t e r e d s e c tio n s of th e lower meadow zone (T able 6 ).
Rainbow t r o u t were predom inant in th e Wolf Creek Canyon s e c tio n , c o n tr i b u ti n g 81 p e rc e n t of th e t o t a l number. T o ta l t r o u t of t h i s a lt e r e d s e c t i o n were 62 and 4 p e rc e n t g r e a t e r by number and w e ig h t, r e s p e c ti v e ly , th a n in th e m ountain a l t e r a t i o n s ; but 25 and 55 p e rc e n t l e s s , r e s p e c t i v e l y , th a n in th e lower meadow a l t e r a t i o n .
Age and G row th. Brown t r o u t and rainbow t r o u t were 16 p e rc e n t le s s abundant n u m e ric a lly b u t 14 p e rc e n t g r e a t e r by w eight in th e m ountain zone th a n in th e meadow zone. Average c a lc u la t e d t o t a l letig th s of both s p e c ie s from th e two zones i n d ic a te d v e ry s im i la r growth r a t e s (T able 7 ).
H ence, th e g r e a t e r w eight in th e m ountain zone was due to more la rg e f i s h , r a t h e r th a n a f a s t e r grow th r a t e . T here was a ls o no i n d i c a t i o n of d i f f e r e n t i a l grow th betw een u n a lte r e d a n d 'a l t e r e d s e c tio n s of th e m ountain zone f o r brown t r o u t or rainbow t r o u t .
Grand av e ra g e c a lc u la t e d le n g th s f o r th e f i r s t th r e e a n n u li were le s s th a n th o s e r e p o r te d by Bishop (1955) . B ishop a d ju s te d th e c a lc u la te d le n g th s a t each annulus by u sin g i n t e r c e p t s of r e g r e s s io n l in e s as th e zero p o in ts of th e nomograph. For th e p r e s e n t s tu d y , zero was used as th e :V -2 2 -( i n t e r c e p t .
T ab le 7: Average c a lc u la t e d t o t a l le n g th a t each annulus f o r brown and rainbow t r o u t from th e meadow and m ountain z o n e s" Brown T ro u t ' Rainbow T ro u t pounds p e r a c r e fo r t h r e e h a rd -w a te r stream s in P e n n sy lv a n ia . In T rout C reek, M ontana, Wipperman (1963) G underson, 1966) .
The a v e ra g e s ta n d in g cro p s of t r o u t in L i t t l e P r ic k le y P ear Creek w ere much h ig h e r th a n th e a v e ra g e of 56 pounds p er a c re r e p o r te d by S te f a n ic h (1952) f o r th e Wolf Creek Canyon zone. However, h i s v a lu e s a re t o t a l numbers of f i s h c a p tu re d in 600 fo o t s e c tio n s u sin g a 2 4 0 -v o lt a l t e r n a t i n g c u r r e n t sh o c k e r, r a t h e r th a n p o p u la tio n e s tim a te s . I f sam pling e f f i c i e n c y f o r th e two s tu d ie s was s i m i l a r , S t e f a n i c h 1s s ta n d in g crops would be a p p ro x im ate ly 25 p e rc e n t g r e a t e r th a n th o se r e p o r t e d , ' basei} on p o p u la tio n e s tim a te s . A e r ia l photos ta k e n p r i o r . t o I n t e r s t a t e Highway c o n s tr u c tio n and f i e l d maps su g g e st t h a t a t l e a s t some of h i s s e c tio n s were in an a l t e r e d -s ta te . '
,To e v a lu a te th e e f f e c t s of h a b i t a t a l t e r a t i o n s on th e f i s h pop-; u I a t io n , e s tim a te d s ta n d in g crop's of t r o u t were p ro je c te d to th e t o t a l stre a m f o r each zone from th e c o n flu e n c e ' of Canyon C reek to Wolf Creek.
